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SPECIFICATION 



1. TITLE OF THE INVENTION 
NOISE-REDUCED PNEUMATIC TIRE 

2 . CLAIM 

(1) A noise-reduced pneumatic tire having-, on a tread 
extending into a toroidal shape over a pair of side walls, a 
plurality of groups of circumf erentially-arranged blocks 
partitioned by a plurality of circumferential grooves 
extending along a circumference of the tread and a large 
number of lateral grooves extending in a direction 
intersecting these circumferential grooves, in which a pitch 
length is defined by a circumferential dimension of one 
block which includes one of a pair of lateral grooves 
forming opposite sides of the block, and each group of 
circumferentially-arranged blocks is constructed by a 
combination of various pitch lengths, 

wherein said block has at least one slit which 
substantially divides said block in a circumferential 



direction of the tire, and the number of slits provided in a 
block having a long pitch length is set to be greater tha n 
that in a block having a short pitch length. 



3. DETAILED DESCRIPTION OF THE INVENTION 

(INDUSTRIAL FIELD OF THE INVENTION) 

The present invention relates to a pneumatic tire 
having a tread pattern in which tire noise, particularly, 
pattern noise, is reduced. 

Tire noise is generated by various causes, and 
particularly, so-called pattern noise caused by a tread 
pattern is dominant among the kinds of tire noise. This 
pattern noise is generated by intermittent occurrence of a 
phenomenon in which air which is compressed between a ground 
contacting surface of a tread and a road surface rapidly 
flows to an outer side of the ground contacting surface of 
the tread via a groove of the tread. Pattern noise is also 
called pumping noise. 

(PRIOR ART) 

This pattern noise can be reduced. by providing a so- 
called pitch variation to the tread pattern. 

In other words, a structural dimension of a block, 
which is a circumferential dimension of one block divided by 
a circumferential groove of a tire tread and a lateral 



groove intersecting the circumferential groove, including 
the dimension of one of a pair of lateral grooves which form 
opposite sides of the block, is set as a pitch. Various 
kinds of pitches having mutually different circumferential 
dimensions (in a case of an ordinary vehicle, three to five 
kinds of pitches) are arranged at random or regularly. This 
results in the reduction of the pattern noise. 

(PROBLEMS TO BE SOLVED BY THE INVENTION) 

In the block pattern to which this pitch variation is 
applied, since respective blocks arranged in a row in a 
circumferential direction of the tire have substantially 
similar configurations, the shearing rigidity of the blocks 
in the circumferential direction of the tire becomes 
nonuniform. Consequently, a circumferential, tangential 
force within a ground contacting surface of the tread varies 
during rotation of the tire. This variation of force 
produces an effect similar to that which is produced when a 
tread portion vibrates in the circumferential direction of 
the tire, and increases vibrations and noises generated on 
the ground contacting surface of the tr-ead. As a result, 
reduction of noises by the pitch variation is prevented. 

Further, when a difference is generated in rigidities 
of respective blocks, the ground contacting performance 
during the rotation of the tire deteriorates, and 



maneuverability also deteriorates. In addition, the 
difference in rigidities of the blocks on the circumference 
of the tread may result in uneven wear. 

Accordingly, in view of the above-described 
circumstances, it is an object of the present invention to 
provide a tread structure which is capable of substantially 
uniformizing the shearing rigidity of the blocks which have 
block patterns to which a pitch variation reducing the 
pattern noise is applied. 

(MEANS FOR SOLVING THE PROBLEMS) 

The present invention provides a noise-reduced 
pneumatic tire having, on a tread extending into a toroidal 
shape over a pair of side walls, a plurality of groups of 
circumf erentially-arranged blocks partitioned by a plurality 
of circumferential grooves extending along a circumference 
of the tread and a large number of lateral grooves extending 
in a direction intersecting these circumferential grooves, 
in which a pitch length is defined by a circumferential 
dimension of one block which includes one of a pair of 
lateral grooves forming opposite sides, of the block, and 
each group of circumf erentially-arranged blocks is 
constructed by a combination of various pitch lengths, 

wherein said block has at least one slit which 
substantially divides said block in a circumferential 



direction of the tire, and the number of slits provided in a 
block having a long pitch length is set to be greater than 
that in a block having a short pitch length. 

Fig. 1 shows a main part of a tread of a pneumatic tire 
according to the present invention. The tread is formed by 
dividing a surface of the tire by circumferential grooves 
la, lb, a circumferential center groove 2, and lateral 
grooves 3a, 3b and 4a, 4b into four groups of blocks 5, 6, 7 
and 8. The circumferential grooves la, lb extend along a 
circumferential center line 0 and constitute a pair of 
grooves at respective sides of the circumferential center 
line 0. The circumferential center groove 2 extends along 
and is disposed on the circumferential center line 0. The 
lateral grooves 3a, 3b, and 4a, 4b extend in a direction 
intersecting these circumferential grooves and connect the 
circumferential grooves to each other and connect each of 
the circumferential grooves la, lb to tread ends T. Each 
group of the blocks 5,6,7 and 8 is disposed along the 
circumferential direction of the tire, and two rows of 
groups are arranged on either side of the circumferential 
center line 0, so that four rows of grpups are disposed as a 
whole . 

These groups of circumf erentially-arranged blocks, 5, 
6, 7 and 8 are each arranged in a state in which a plurality 
of pitches is combined with each other in accordance with a 



predetermined pitch variation. Namely, a circumferential 
dimension of each block, including the dimension of one 
adjacent lateral groove, varies in accordance with each 
pitch length of various kinds of pitch. 

The two groups of blocks, 5 and 6, which are disposed 
symmetrically about the circumferential center line 0 of the 
tread, will be described. The pitch variation to be applied 
is formed by three kinds of pitch, PI, P2 and P3 (PI < P2 
< P3) which have mutually different circumferential 
dimensions. Each group of blocks is formed by blocks having 
three kinds of circumferential lengths corresponding to the 
above-described three kinds of pitches. In other words, in 
these groups of blocks, 5 and 6, blocks 5a and 6a each 
correspond to pitch PI, and similarly, blocks 5b and 6b each 
correspond to pitch P2 , and blocks 5c and 6c each correspond 
to pitch P3. 

Further, each block is provided with a slit 9 which 
divides the block into two substantially equal parts in the 
circumferential direction of the tire. In this embodiment, 
the slit 9 extends parallel to the lateral grooves 3a, 3b. 
The number of slits 9 provided in the block having a long 
pitch length is greater than that in the block having a 
short pitch length. 

Namely, in the example illustrated in Fig. 1, one slit 
9 is provided in each of the blocks 5a, 5b, 6a and 6b which 



correspond to the pitch PI and the pitch P2, while two slits 
9 are provided in each of the blocks 5c and 6c which 
correspond to the pitch P3. Thus, at the least, there 
occurs a difference in the number of slits between the block 
corresponding to the smallest pitch length PI and the block 
corresponding to the longest pitch length P3 . 

Here, the circumferential length of a portion, which is 
divided by the slit 9, of each block is represented as a 
divided pitch. Assuming that the divided pitch of the 
blocks 5a, 6a corresponding to the pitch PI is indicated by 
LI, and the divided pitch of the blocks 5c, 6c corresponding 
to the pitch P3 is indicated by L3, the divided pitches LI 
and L3 will approximate to each other in accordance with the 
difference in the number of slits 9. 

The slit 9 opens to the circumferential grooves la, lb 
and the circumferential center groove 2 via auxiliary 
lateral grooves 10a, 10b. In addition, an auxiliary slit 11 
connects the auxiliary lateral groove 10a and the auxiliary 
lateral groove 10b, and connects these auxiliary lateral 
grooves and the lateral grooves 3a, 3b, respectively, via a 
course different than that of the slit. 9. 

Further, in the example illustrated in Fig. 1, also in 
the groups of circumf erentially-arranged blocks 7 and 8, 
which are disposed on outer sides of the above-described 
groups of blocks 5 and 6, the pitch variation is applied to 



the block patterns of these groups of blocks 7 and 8, and 
the number of slits 9 of each block is varied so as to 
correspond to the pitch length of the block. It suffices t 
vary the number of slits 9 only in the groups of blocks 5 
and 6 . 

Further, in the groups of blocks 7 and 8, lateral 
grooves 4a, 4b are formed such that a portion thereof 
disposed at the side of the circumferential grooves la, lb 
is made shallow and a portion thereof disposed at the side 
of the tread end T is made deep. Further, the slit 9 
extending from the side of each of the circumferential 
grooves la, lb, is connected to an auxiliary lateral groove 
12 extending toward the side of a shoulder portion of the 
tire. 

It should be noted that other structures of the tire 
according to the present invention may conform to any 
standards of conventional tires. 

Namely, a carcass is formed by at least one sheet (at 
most three sheets) of turned-up ply which is turned around 
bead core from an inner side to an outer side of the tire. 
The ply is formed such that fiber cords such as rayon, 
nylon, and polyester, are arranged in a direction 
substantially perpendicular to an equatorial plane of the 
tire (i.e., a radial direction). A belt layer is formed of 
at least two main belt layers and at least one auxiliary 



belt layer. The main belt layers are each constructed such 
that inextensible cords such as steel cords, aromatic 
polyamide fiber cords, or the like, are arranged at an angle 
of 10 to 35° with respect to the equatorial plane of the 
tire, and at least two main belt layers are disposed so as 
to intersect each other. In the auxiliary belt layer, heat- 
contractive cords such as nylon cords, are disposed 
substantially parallel to the equatorial plane of the tire 
over the full width of the main belt layer. In order to 
form the auxiliary belt layer, a plurality of cords which is 
arranged in a ribbon configuration along the circumference 
of the main belt layer and is helically wound, is used. 
Then, the above-described tread is placed on this belt 
layer. 

(OPERATION) 

In a block pattern to which a pitch variation is 
applied, the provision of a difference in the number of 
slits for each block such that the number thereof 
corresponds to the pitch length makes it possible to 
uniformize the divided pitches in each .block, and to 
uniformize the shearing rigidity of the blocks and a 
circumferential, tangential force of the block. 

Namely, it is considered that the tangential force of 
the block is proportional to the circumferential shearing 



rigidity of the block, and that this shearing rigidity is 
proportional to the circumferential length of the block 
taken to about the third power. 

For example, as illustrated in Fig. 2(a) and Fig. 2(b), 
in a case in which the blocks 5a and 5c have the smallest 
pitch length PI and the largest pitch length P3 
respectively, and are respectively divided, by one slit 9, 
equally into two parts in the circumferential direction of 
the tire, the ratio of shearing rigidity between the block 
5a and the block 5c is expressed as follows: 

{2 x (P 3 /2) 3 } / {2 x (P 1 /2) 3 } = (P3/P1) 3 
wherein the respective circumferential lengths of the blocks 
5a, 5c are indicated by PI and P3. Thus, since the shearing 
rigidity is proportional to the pitch length, the shearing 
rigidity of the block 5c becomes higher than that of the 
block 5a. 

On the contrary, as illustrated in Fig. 2(c), in a case 
in which the block 5c having the maximum pitch length P3 is 
equally divided by two slits 9 in the circumferential 
direction, the ratio of the shearing rigidity between the 
block 5a and the block 5c is expressed, as follows: 

{3 x (P 3 /2) 3 } / {2 x (Pi/2) 3 } = 2/3(P3/Pl) 3 
The ratio of shearing rigidity in this example shown in Fig. 
2(c) decreases to 2/3 in comparison with the example shown 
in Fig. 2(b), so that the shearing rigidities of the blocks 



5a and 5b tend toward unif ormization . 

Here, the number of slits provided in the block is 
preferably selected such that the ratio of the divided 
pitches, L3/L1, between the block having the minimum pitch 
PI and the block having the maximum pitch P3, is set in the 
range of 0.7 to 1.3. The reason is that, if the ratio of 
the divided pitches, L3/L1 , is less than 0.7 or greater than 
1.3, the difference in the respective shearing rigidities of 
the block having the maximum pitch P3 and the block having 
the minimum pitch PI becomes large, thereby exacerbating the 
tire noise and deteriorating the comfort of the ride, as 
shown in Fig. 3. Fig. 3 shows the results of a feeling test 
using tires of size 185/70R14 which have patterns 
corresponding to the tread pattern shown in Fig. 1. The 
tires were mounted on FF-type vehicles and the vehicles were 
driven on paved roads. 

The pitch length, which is a standard for determining 
the number of slits provided in the block, is preferably set 
such that the ratio P3/P1 of the minimum pitch PI and the 
maximum pitch P3 is greater than or equal to 1.3, in order 
to control noise. If the ratio P3/P1 is less than 1.3, the 
introduction of pitch variation is no longer required. 

(EMBODIMENTS) 

A pneumatic tire of size 185/70R14 was prepared in 



accordance with the tread pattern shown in Fig. 1. 

The pitch variation was constructed such that pitch PI 
was 27.04 mm, pitch P2 was 30.91 mm, and pitch P3 was 39.10 
mm, so that the pitch ratio, PI : P2 : P3, was 8.7:10:12.6. 
One slit 9 was provided in the blocks having pitches PI and 
P2, respectively, and two slits 9 were provided in each 
block having pitch P3. Thus, the divided pitches, LI, L2 
and L3 were respectively 13.52 mm, 15.46 mm, and 13.03 mm. 
The width of the circumferential grooves la, lb was 8.9 mm, 
the width of the circumferential center groove 2 was 8.2 mm, 
and the depths of all of the circumferential grooves were 
8.0 mm. Further, the widths of the lateral grooves 3a, 3b 
were 2.8 to 4.5 mm, the widths of the lateral grooves 4a, 4b 
were 2.0 to 3.1 mm, and the depths of these lateral grooves 
were 1.2 to 7.0 mm. 

Further, a tire according to a tread pattern shown in 
Fig. 4, having the same structure as that of the above- 
described tire except that one slit 9 was provided in the 
block having the pitch length P3, was produced as a 
comparison tire. 

The above-described tires were attached to 5J x 14 rims 
and were inflated to internal pressures of 2 . 2 kg/cm 2 . The 
tires were placed on FF-type vehicles, and an evaluation 
test on tire noise, interior booming noise, and irregular 
wear resistance was performed. In the evaluation test on 



tire noise and interior booming noise, the vehicles were 
driven at speeds of 60 km/h on rough roads, and a microphone 
placed in the center of the front seat of each of the 
vehicles at a position at the height of the head rest, was 
used for measurement in this test. Further, in the 
evaluation test on irregular wear resistance, the wear 
height after a 20,000 km running test (40% of this travel 
distance was on paved roads, 50% was on expressway roads,, 
and 10% was on mountain or sloped roads) was measured. 

The results of this test are given in the following 
table. The measured results of the comparison tire is given 
as an index number of 100. Larger numbers are more 
preferable. 



Comparison Present 
Tire Example 

Evaluation of Noise 

Evaluation of Interior 
Booming Noise 



100 



100 



121 



135 



Irregular Wear 
Resistance 



100 



137 



(EFFECTS OF THE INVENTION) 

The present invention can provide a pneumatic tire 
which is capable of uniformizing respective rigidities of 
each block on a circumference of a tread having a block 
pattern to which pitch variation is applied, and which has 
an excellent noise characteristic and excellent irregular 
wear resistance. 



4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a development elevation of a main part of a 
tread of a pneumatic tire according to the present 
invention; 

Figs. 2(a), 2(b) and 2(c) are schematic diagrams 
respectively illustrating division of a block; 

Fig. 3 is a diagram illustrating noise of a tire having 
a pattern in accordance with the tread pattern shown in Fig. 
1, and results of a feeling test; and 

Fig. 4 is a development elevation of a main part of a 
tread of a pneumatic tire which is compared with the present 
invention. 

la » lb circumferential groove 

2 circumferential center groove 

3a, 3b, 4a, 4b lateral groove 



5 » 6 » 7 » 8 group of circumf erentially-arranged blocks 

5a, 5b, 5c, 6a, 6b, 6c block 

9 slit 

10a, 10b, 12 auxiliary lateral groove 

11 auxiliary slit 



